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0 Catalytic aromatic saturation of hydrocarbons. 



0 In the catalytic processing of aromatic hydrocarbon compounds, a hydrocarbon oil is successively contacted 
at aromatic saturation conditions with a catalyst in a first reaction zone and contacted at a lower temperature with 
a second portion of the catalyst in the same reactor or in multiple reactors. 
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Catalytic Aromatic Saturation of Hydrocarbons 

This invention relates to catalytic hydrocarbon processing, and particularly to hydrocarbon hydroproces- 
sing. such as the process involving catalyzing the reaction of hydrogen with aromatic compounds. More 
particularly* this invention is directed to a process for saturating aromatic compounds In hydrocarbon 
liquids. 

5 During the course of catalytic refining of hydrocarbons, heterocyclic compounds, Including oxygen 
compounds, are removed from hydrocarbon oil. Aromatic compounds contained in the hydrocarbon oil are 
also contacted during the refining process with a catalyst in the presence of hydrogen, causing conversion 
of such aromatic compounds to more saturated forms, I.6., the aromatic compounds are hydrogenated. 
Economic considerations have provided new incentives for catalytic conversion of the aromatic fractions 
70 to more marketable products. Today there is a steadily increasing demand for relatively non-aromatic 
middle distillate products boiling in the range of about 150* - 370'C (300* - 700'F). Such products Include, 
for example, aviation turbine fuels, diesel fuels, solvents and the like. Products in tills boiling range are 
conventionally produced by tiie hydrotreating and/or hydrocracklng of various refinery streams boiling in or 
above the desired product range. Hydrotreating and hydrocracklng operations generally effect a substantial 
15 partial hydrogenation of polycycllc aromatics, but tiie resulting products still contain a relatively high 
percentage of monoaromatic hydrocarbons. Further hydrogenation of these products Is desired in many 
cases to produce acceptable solvent products or to meet specifications (smoke point and luminometer 
number) for jet fuels, (cetane number) for diesel fuels, etc. 

Accordingly, a need still exists for an Improved process for reducing the content of aromatic 
20 hydrocarbon compounds to specified levels In a product hydrocarbon oil. It Is, therefore, a major object of 
the present invention to provide a process for saturating aromatic compounds In a hydrocarbon oil, and 
more specifically to provide a hydrogenative catalytic aromatic saturation process while simultaneously 
hydrocracklng a substantial proportion of the hydrocarbon oil. 

It Is another object of the Invention to provide a multhreaction zone process for tiie catalytic saturation 
25 of aromatic compounds in a hydrocarbon oil, and more specifically to provide a process for substantially 
hydrogenating an aromatic-containing hydrocarbon oil to obtain improved products of low aromatic content 
A furtiier object of the invention is to provide hydrocarbon products of reduced aromatic content In a 
process utilizing less refining catalyst 

These and other objects and advantages of the invention will become apparent from tine following 
30 description. 



SUMMARY OF THE INVEiSITiON 

35 The present invention is directed to a process for saturating aromatic hydrocarbon compounds In a a 
hydrocarbon oil by successively contacting at least two portions of a particulate catalyst with ttie oil under 
aromatic saturation conditions. In the process of the Invention the reaction(s) Involved In saturating the 
aromatic hydrocarbons is (are) equilibrium limited. The weighted average catalyst bed temperature of a 
downstream portion of tiie catalyst is lower than the weighted average catalyst bed temperature of an 

40 upstream second portion of the catalyst This takes advantage of a higher initial aromatics saturation 
reaction rate In the upstream section at higher temperatures and a subsequentiy more favorable chemical 
equilibrium between aromatics and saturates In the downstream section at lower temperatures. The net 
effect in tiie downstream section Is a higher rate of anjmatics saturation at a lower temperature. 

In a multi-reaction zone embodiment a catalyst effective for aromatic saturation is employed in at least 

45 two reaction zones wherein the first reaction zone has a higher weighted average catalyst bed temperature 
tfian that of tiie second and subsequent reaction zones. The final product hydrocarbon from a single or 
multi-reaction zone process of the invention contains a hydrocarbon oil having a selectively reduced 
aromatics content resulting from expending less energy in downstream sections. 

In view of the aromatic saturation/desaturation equilibrium reaction, the extent of the temperature 

50 decrease between upstream and downstream portions of a catalyst bed in a single reactor, or between 
upstream reaction zones and downstream reaction zones in a multi-reactor process, is determined by the 
extent of tiie decrease in tiie observed aromatic saturation reaction rate constant compared to tiie extent of 
aromatic saturation as chemical equilibrium Is approached. The temperature Is decreased to a selected 
lower temperature at a point along the catalyst bed where the observed aromatics saturation rate has 
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decceased to within about 10 percent of the rate at the selected lower temperature. At such a point along 
the catalyst bed. or at a selected downstream reactor in a multi-reactor catalyst bed embodiment, the 
aromatic saturation reaction then proceeds at the lower temperature where the chemical equilibrium 
between aromatlcs and saturates favors saturation. 



DETAiLED DESCRIPTION OF THE INVENTION 

A hydrocarbon oil containing aromatic compounds Is catalytically treated In the presence of hydrogen in 
an aromatic saturation reaction zone containing a catalyst bed having a temperature maintained in a 
downstream portion of the bed that is typically at least 3'>C (5« F) lower than that in an upstream portion of 
the bed. The oil may also be contacted serially in two or more reaction zones with the same catalyst at 
aromatic saturation conditions. The downstream reaction zones have a lower weighted average catalyst bed 
temperature than the weighted average catalyst bed temperatures of the upstream reaction zones and, 
optionally, may also contain a smaller amount of catalyst The extent of reduction of the temperature (and, 
optionally, the amount of catalyst reduction) in the downstream catalyst bed or downstream reaction zone 
(as compared to that in the upstream portions) is. in part, controlled by the observed aromatic saturation • 
aromatic desaturation equilibrium reactions occurring during tiie catalytic process. 

The invention is directed to a process employing particulate catalysts, and more preferably, 
hydroprocessing catalysts comprising hydrogenation metals on a support and more preferably atlll of an 
aromatic saturation catalyst containing Group VIII and/or Group VIB metal components on a support material 
typically containing a porous refractory oxide. Porous refractory oxides useful in the particulate catalyst of 
the invention includes silica, magnesia, sllica-magnesia, zirconia. sliica-zirconia. titania, silica-titania, aiu* 
mina, silica-alumina, and tiie like. Also useful are molecular sieves, including both zeolitic and non-zeolitic 
materials. Mixtures of tiie foregoing oxides are also contemplated especially when prepared as homoge- 
neously as possible. The preferred refractory oxide material comprises aluminum and is usually selected 
from the group consisting of alumina and silica-alumina. A suppport material containing gamma alumina is 
most highly prefen'ed. Prefenred catalysts useful for aromatic saturation include those disclosed In U.S. 
Patent No. 3.637,484 issued to Hansford, which is Incorporated by reference in its entirety herein. Other 
prefenred hydrotreating catalysts include those disclosed in copending European Patent Application No. 
87303104.1 (EP-A<0 244 106). 

Contemplated for treatment by tiie process of tiie invention are hydrocarbon^ontalning oils, including 
broadly all liquid and liquid/vapor hydrocarbon mixtures such as crude petroleum oils and synthetic cnjdes. 
The process may be applied advantageously to tiie hydrogenation of substantially any Individual aromatic 
hydrocarbon, mixtures tiiereof, or mineral oil fractions boiling in tiie range of about 50^*0 to about 540*C 
(about 120'F to about 1.000'F). Among the typical hydrocarbon oils contemplaM are gas oils, particulariy 
vacuum gas oils, distillate fractions of gas oils, tiiermaliy cracfced or catalytically cracked gas oils, decant 
oils, creosote oils, shale oils, oils from bituminous sands, coal-derived oils, and blends tinereof, which 
contain aromatic hydrocarbons and may contain sulfur, nitrogen, and/or oxygen compounds. Benzene may 
be converted to cyclohexane and toluene to metiiylcyctohexane. Prefenred feedstocks comprise mineral oil 
fractions boiling in tiie solvent naphtiia, turbine fuel or diesel fuel ranges. Preferred feedstocks nornialty 
contain at least about 10, preferably at least about 50 and most preferably at least about 75 volume percent 
of aromatic hydrocarbons. Specifically contemplated feeds comprise solvent fractions boiling in the range of 
about 150" - 205'C (300" - 400"F), turtjine fuel fractions boiling in tiie range of about 175" - 280"C (350* 
-500 "F) and the like. Hydrocartxjn oils finding particular use witiiin tiie scope of tills invention Include coal- 
derived creosote oils, decant oils derived from FCC units and cracked cycle oils, usually containing about 
60 to about 90 volume percent of aromatic hydrocarbons. 

The catalyst is typically employed in a fixed bed of particulates in a suitable reactor vessel wherein the 
oils to be treated are introduced and subjected to elevated conditions of pressure and temperature, and 
ordinarily a substantial hydrogen partial pressure, so as to effect the desired degree of aromatic saturation 
of the aromatic hydrocarbons in tiie oil. The particulate catalyst is maintained as a fixed bed with tiie oil 
passing upwardly or downwardly tiieretiirough, and most usually downwardly tiierethrough. AHhough any 
conventional method of catalyst activation may be employed, such catalysts employed in tiie process of the 
Invention may be activated by being sulfided prior to use (in which case tiie procedure is termed 
"presulfiding"). Presulfiding may be accomplished by passing a sulfiding gas or sulfur-containing liquid 
hydrocarbon over tiie catalyst in the calcined form; however, since tiie hydrocarbon oils treated In tiie 
invention ordinarily contain sulfur impurities one may also accomplish the sulfiding In situ. 

In the Invention, a catalyst bed is contacted by a hydrocarbon oil fed from an upstream inlet location. 
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10 



through a single reactor containing the catalyst bed, to a downstream outlet location. The single reactor 
contains means for effecting different temperatures upon one or more upstream portions of the catalyst bed 
or upon one or more downstream portions of the bed during processing. Temperature controlling means 
Include either cooling (quench) or heating gas streams (such as hydrogen gas) selectively positioned along 
upstream and downstream portions of the catalyst bed, and heat exchangers positioned along the bed. 
Alternatively, the catalyst may be utilized In two or more reactors, such as in a multiple train reactor system 
having the reactors loaded with one type of catalyst, in still another embodiment, one or more reactors may 
be loaded with one type of catalyst and the remaining reactors with one or more other catalysts, in the 
multiple reaictor embodiments, temperature controlling means are typically located between reactors; 
however, it Is within the scope of the invention that each reactor in a multiple train may also have 
temperature controlling means along the reactor catalyst bed, as for instance, by external heat exchange or 
a cold hydrogen quench. In either the single reactor system or the multiple reactor systems.- the individual 
reactors are generally operated under an independent set of aromatic saturation conditions selected from 
tiiose shown In the following TABLE A: 

TABLE A 



Operating Conditions 
Temperature, °C (^F) 



Suitable Range 
150(300) - iJ80(900) 



Hydrogen Pressure, bar 10 - 2^1 

p.s.i.g. 150 - 3f500 



Preferred Range 
205(400) . 455(850) 



28 
400 



207 
3,000 



Space Velocity, LHSV 
Hydrogen Recycle Rate sm^/m^ 



0.01 - 20 



178 ^ 6,235 
scf/bbl 1,000 - 35,000 



0,05 - 10 



356 
2,000 



5,345 
30,000 



30 The weighted average catalyst bed temperature (WABT) for a typical commercial tubular reactor having 
a constant catalyst density and a linear temperature increase tiirough the lengtii of tiie bed is tfie average of 
tiie temperatures of tiie hydrocarbon oil at tiie inlet and outlet of tiie reactor. When the temperature 
Increase through a catalyst bed Is not linear, the temperatures of the weighted portions of the catalyst at 
selected bed locations must be averaged In accordance with the equation (WABT) ~ CTAW/W wherein 

35 WABT is the weighted average catalyst bed temperature. W is the weight of the catalyst, AW is the weight 
of a portion of the catalyst bed having a given average temperature T. (When the catalyst reactor bed has a 
constant catalyst density, then ITAW/W » rTAL/L wherein L is the reactor bed length and AL Is the 
length of a portion of the catalyst bed having a given average temperature T.) For example, a tubular 
reactor having a 4.6 m (15 foot) catalyst bed with constant catalyst density and having a reactor inlet 

40 temperature of 371 (700'F) and a reactor outlet temperature of 399*C (750"F) has a weighted average 
catalyst bed temperature of 380.4"C (716.7*F) when the temperatures are 374<'C (705''F) and* 382"C 
(720" F) at the 1.5 and 3m (5 and 10 ft) catalyst bed positions, respectively. 

Detennination of the weighted average bed temperature of a portion of the overall catalyst bed In a 
single reactor (such as an upstream or downstream portion) is accomplished In the same manner as 

45 hereinbefore mentioned except the temperatures of the hydrocarbon oil cannot, in all cases, be measured at 
the inlet or outlet of the reactor. Temperatures along the catalyst bed of a single reactor are detected by 
temperature detecting means, such as thermocouples, positioned along the catalyst bed. The weighted 
average bed temperature of an upstream portion of a single reactor catalyst bed may be determined by a 
temperature at the inlet of the reactor and at a given location along the catalyst bed detected by a 

50 thermocouple. The weighted average bed temperature of a downstream portion of a single reactor catalyst 
bed may be determined by a temperature at a given location along the catalyst bed and at the outlet of the 
reactor. 

In a single reactor embodiment the upstream and downstream portions of the catalyst bed are 
contacted by an aromatics-contalning hydrocarbon oil at aromatic saturation conditions including tempera- 
55 tures determined from saturation reaction rate kinetics and equilibrium concentrations of aromatics in the 
respective portions of the oil contacting the upstream and downstream portions of the catalyst In general, 
an upstream portion of the catalyst bed Is maintained at a base temperature which Is higher than the 
temperature of a downstream portion of the catalyst bed. The temperatures (WABT) of downstream portions 
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of the catalyst bed are determined from the equilibrium concentrations of aromatlcs contacting the 
corresponding downstream portions of the oil whereas the base temperatures (WABT) of upstream portions 
of the catalyst bed are Initially determined from kinetic considerations including catalyst activity, and 
operating conditions, including space time, necessary to achieve a given degree of saturation, Lei. a given 
5 saturation reaction rate. (Space time as used herein is the amount of time the catalyst is in contact with the 
oil.) The base temperature (WABT) of an upstream portion of the catalyst bed must be sufficient to provide 
catalytic activity to saturate aromatlcs contained in the oil to provide a product hydrocarbon having a 
selected amount of aromatics remaining in the hydrocarbon oil. i.e.. provide sufficient energy to achieve a 
desired saturation reaction rate. The temperature (WABT) of a downstream portion of the catalyst bed must 
70 be lower than the temperature of the upstream portion of the catalyst bed. yet still effect additional 
saturation of the aromatics remaining In the product hydrocarison from the upstream catalyst bed so as to 
provide a second product hydrocarbon having a selected remaining amount of aromatics. According to the 
invention, a more favorable equilibrium exists between saturates and aromatics in the downstream portion of 
the catalyst bed at a lower temperature wherein the relative reaction rate constant is initially higher than that 

15 in the upstream catalyst bed. The net effect in the downstream portion of the catalyst bed is a high reaction 
rate of aromatic saturation at a lower temperature. 

In a preferred embodiment of the Invention, hydrocaribon oil is successively passed through at least two 
reaction zones, i.e.. an upstream first zone and a downstream second zone, each zone containing a catalyst 
having activity for saturation aromatic compounds, at aromatic saturation conditions including a temperature 

20 of about 205*C {400*F) to about 480*C (900*F) and at a space velocity (LHSV) of about 0.05 to about 3.0 
and in the presence of hydrogen at a partial pressure of about 34.5 bar to about 207 bar gauge (about 500 
to about 3.000 p.s.i.g.). employed at a recycle rate of about 178 to about 5,345 sm^/m^ (about 1,000 to 
about 30.000 scf/bbi). Preferably, in an integrated process, the product hydrocarbon obtained from the first 
reaction zone Is directly and rapidly passed into the second reaction zone; thus, a connective relationship 

26 exists between the zones. In this connective relationship, the pressure between the zones is maintained 
such that there is no substantial loss of hydrogen partial pressure. 

The amount of aromatic saturation Is evidenced by the volume percent of aromatic hydrocarbons 
remaining In the product hydrocarbon relative to the content of aromatlcs in the feedstock. Such a volume 
percentage is determined by analysis of the product hydrocarbon. Also, the volume percentage of 

30 aromatics may be calculated by subtracting the extent of the overall aromatic saturation reaciton from 100 
percent and multiplying by the aromatics content of the feedstock. In the process of the Invention, the 
selected amount of aromatics remaining In the product hydrocarbon as a result of contact with a 
downstream portion of the catalyst bed at the selected lower temperature is dependent upon the particular 
product hydrocarbon specifications. For example, the process may be advantageously applied to reduce 

35 the aromatic content of turbine fuels (as for example. Jet fuels) to less than 20 volume percent, and below 
10 or 5 percent if desired. Typical diesel fuels may require a sufficiently low volume percent of aromatlcs to 
provide a desired cetane number. In general, at least 25, preferably at least 70 and most preferably at least 
85 percent of the aromatic hydrocarbon compounds in the feedstock initially contacting the upstream 
portion of the catalyst bed (or first reaction zone) is converted (i.e.. saturated) to nonaromatic hydrocarbon 

40 compounds in the product hydrocaribon obtained after contact of the downstream portion of the catalyst bed 
or from the effluent of the last reaction zone. 

At the start or during the course of a processing run, the weighted average catalyst bed temperature In 
a downstream second reaction zone is intentionally lowered at least 3*C (5" F), preferably at least 6'C (10"* 
F), and ordinarily in the range from about ll'C (20"F) to about lirC (200"F). and preferably about 17»C 

45 (SO'F) to about 83*C (ISO^'F), as compared to the weighted average bed temperature of an upstream first 
reaction zone. To the same extent, the weighted average bed temperature of the first reaction zone may 
also be raised as compared to the weighted average bed temperature of the second reaction zone. 
Preferably throughout a run designed to obtain a selected amount of aromatics from a downstream second 
reaction zone, the difference t)etween the inlet temperature in the first reaction zone and the Inlet 

50 temperature in the downstream second reaction zone is at least 6*C (10"F), preferably at least 11'C 
(20**F) and most preferably at least 17^C (30"*F). It is highly prefen'ed that the inlet temperature of the 
downstream reaction zone be lower than both the inlet and outlet temperature of the first reaction zone, and 
typically by at least 8'C (10»F) and usually In the range from about 11 "C (20»F) to about 56«C (100*F). 
Although a substantial amount of aromatlcs are saturated In the upstream portions of the catalyst bed or 

55 in a first reaction zone, the lower temperature in the downstream bed portion or second reaction zone 
provides significant reduction of aromatics content in the second reaction zona as well. 

The saturation of aromatic-containing hydrocart>on oils typcially includes exothermic reactions. The heat 
generated from such reactions may increase the temperature of downstream portions of a catalyst bed. 
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However, such transfer of heat downstream along a single catalyst bed, as in a single bed adiabatic reactor, 
is controlled within the scope of the present invention. In the process of the invention at a particular 
downstream location in the catalyst bed. a transfer of heat downstream is typically reduced by Introduction 
of a coolant fluid (such as fresh hydrogen quench gas) so as to conform to the selected temperature 
5 required to obtain the selected concentration of aromatlcs from the particular downstream contacting 
location. 

The selected amount of aromatics remaining in the hydrocarbon oil, particularly the amount remaining 
in the most downstream portion of the catalyst bed or last reaction zone, depends upon such factors as the 
extent of saturation possible at a temperature that provides a given reaction rate constant for tiie particular 

70 feedstock. Other factors include the activity of the catalyst, the equilibrium concentration of aromatics In the 
oil contacting the catalyst, operating conditions, and the like. In the single reactor embodiment the 
upstream portion of the overall catalyst bed usually contains greater than about 50 volume percent and 
ordinarily about 50 to about 95 volume percent and preferably about 60 to about 85 volume percent of the 
catalyst whereas the remaining downstream portion {at the lower temperature) of the overall catalyst bed 

75 usually contain less than 50 volume percent and ordinarily about 5 to about 50, and preferably about 15 to 
about 40 volume percent of the catalyst. In the multi-reactor embodiments, the upstream and downstream 
portions of the overall catalyst bed, i.e., the sum of all the catalyst In all the reactors, contain the same 
relative catalyst volume percentages as In the single reactor embodiment. 

When the temperatures of downstream reacton zones are lowered relative to the upstream zones, the 

20 overall process of the invention results in a significantiy reduced aromatic content as compared to an overall 
process employing the same catalyst at the same temperature In upstream and downstream reaction zones. 
Furthermore, in the invention, tiie aromatic saturation activity of the particulate catalyst employed at high 
and low temperatures is maintained for a considerably longer period of time than in the process employing 
tiie catalyst constantly at tiie higher temperature. Moreover, the overall multi-tier (high-low) temperature 

25 process of tiie invention provides more aromatic saturation of hydrocarbons ttian a process operated at an 
intermediate temperature In multiple reaction zones and furttier provides simulataneous improvement in 
cracking, desuifurization and denitrogenation. 

The invention is furtiier illustrated by tiie following example which is illustrative of specific modes of 
practicing the Invention and is not intended as limiting the scope of the invention a$ defined in the 

30 appended claims. 



EXAMPI-E 

35 In an embodiment involving three reactors, an equal volume of catalyst containing nickel and molyb- 
denum hydrogenation metal components is successively contacted In each of three connected reactors 
under a constant hydrogen partial pressure of 172 bar absolute (2500 p.s.i.a.) (recycle gas rate of 4275 
mVm^ (24.000 scf/bbi)) witii a creosote oil boiling in tiie range from about 65'C (150*F) to about 425«C 
(800' F) and initially containing at least about 50 volume percent of aromatic hydrocarbons (approximately 

40 85 volume percent) and at least about 0.2 weight percent of sulfur (about 0.4 weight percent). The catalyst, 
having an average pore diameter ai30ut 70 angstroms, is initially contacted with the oil in tfie first two 
reactors at the same temperature and is then contacted in the downstream third reactor at a lower 
temperature with tiie product hydrocarbon obtained from tiie preceding upstream reactor. During the 
saturation process, ttie weighted average catalyst bed temperature of the catalyst in the first two reactors is 

46 maintained at tiie initial base temperature of 415*C (780*F). and ttten is lowered In tfie tfiird reactor by 
approximately 33«C (60*F). (i.e.. to 382*0 {720"F)). Both the inlet and outiet temperatures of ttie 
downstream third reactor are lower than either the inlet or outiet temperature of the upstream first two 
reactors. 

The location along tiie overall catalyst bed for the temperature decrease is determined from tiie 
so corresponding relative reaction rate constants observed In relation to the space 'time of the oil with the 
catalyst Rgure 1 Illustrates the relative reaction rates of aromatic saturation in relation to ttie oil/catalyst 
space time. Shortly after a two (2) hour space time, the relative reaction rate constant at 415»C (780*F) is 
observed to decrease to approximately that at 382*'C (720'F). At a ttiree hour space time tiie relative 
reaction rate constant at 382''C (720"F) Is observed to be substantially higher tiian that at the base 
55 temperature, i.e. at least twice the rate (approximately 55 vs. 24). Accordingly, tiie process of tiie Invention 
provides, after slightly greater than about 2 hours space time for catalyst and oil in tiie upstream two 
reactors, tiiat a significantiy greater rate of aromatic saturation may be maintained in the downstream 
reactor at considerably lower temperatures tiian In the upstream two reactors. Figure 1 also shows that 
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subsequent sections of catalyst bed (i.e. additlonai reactors) at lower temperatures wouid further provide 
improved aromatic saturation. 

The present invention provides a downstream temperature sufficient to saturate a specified amount of 
aromatic compounds at a corresponding downstream contacting location along the catalyst bed. The extent 
5 that the temperature is lowered at the downstream location along the catalyst bed is determined by where 
the aromatic saturation reaction rate constant at the upstream higher temperature decreases to within about 
10 percent, and preferably within about 5 percent of the observed aromatic saturation reaction rate constant 
at the downstream lower temperature. Preferably, during operation of the process of the invention, the 
reaction rate constant for the downstream section is initially higher than that for the upstream section for a 

70 selected extent of saturation reaction. 

Rgure 2 illustrates tfie extent of the particular aromatic saturation-desaturation equilibrium reaction at 
constant pressure and cataiyst/oil space time for relative saturation reaction rates In the process of the 
Example at 415'C (780°F) (Curve A). 393'C (740*'F) (Curve B). and 382*C (720'F) (Curve 0), respectively. 
The initial relative reaction rate constants observed at a base temperature (Curve A), base temperature less 

1$ 22«C (40**F) (Curve B) and base temperature less 33'C (60»F) (Curve C) remain essentially unchanged 
through ttie first 75*78 percent of an overall aromatic saturation-desaturation reaction. The aromatics content 
(n the product hydrocarbon is thus lowered to about 22-25 percent of ttie aromatics in ttie feedstock at such 
extent of reactions (100 minus 75'78 is 22-25). However, after the overall saturation reaction (net fonvard 
reaction) reaches about 91 percent (Point AC in Rg. 2) In tiie case of the 415»C CTSO^F) temperature (9 

20 percent of tiie aromatics in tfie feedstock remaining unsaturated) and after it reaches about 89.4 percent 
(Point BC In Fig. 2) in tiie case of tiie 393 «C (740'' F) temperature (10.6 percent of aromatics In tiie 
feedstock remaining unsaturated), ttie overall extent of tiie saturation reaction is greatest in the case of 
382»C (720'*f=) temperature and in accordance witti ttie invention, tiie base temperature 415*'C (780*F) Is 
lowered 22<'C (40*>F) or 33*'C (WF) depending upon ttie desired extent of overall saturation reaction, i.e., 

25 product aromatic content. More surprising, ttie relative reaction rate constant in the case of ttie 382''C 
(720''F) temperature (Curve C) is at least five (5) times higher than ttiat at ttie 415'C (780'F) temperature 
(Curve A) when the extent of ttie overall saturation reaction reaches about 94.5 percent (5.5 percent of tiie 
aromatics in ttie feedstock remaining unsaturated), i.e., ttie relative rate is 212 vs. 3.3. According to tiie 
metiiod of ttie invention, if an upstream portion of ttie catalyst bed (or an upstream reaction zone) is 

30 operated at the above-mentioned base temperature and if tiie selected amount of aromatics remaining in 
tiie product hydrocarbon from tiie most downstaream portion of tiie catalyst bed (or downsti'eam reaction 
zone) translates to an extent of overall saturation reaction of. fbr example, more ttian 91 percent (i.e., less 
tiian 9 percent of ttie aromatics in ttie feedstock), ttie temperature of ttie downsf earn portion of ttie catalyst 
bed (or downstream reaction zone) is preferably lowered to about ttie base temperature less 33*C (60'F), 

36 i.e. to 482''C (720"F). And. in tiiis Instance, ttie process still operates witti a substantially higher saturation 
reaction rate constant at tiie lower downstream temperature. In general, ttie higher relative reaction rate' 
constants for tiie downstream sections must be detemnined when ttie desired extent of overall saturation 
reaction is exceeded at lower reaction rates and will vary depending upon the hydrocartxsn oil processed. 
i.e.. tiie particular aromatic saturation-desaturation equilibrium reaction and ttie particular catalyst 

40 The features disclosed In the foregoing description, in ttie following claims and/or in ttie accompanying 
drawings may. botti separately and any any combination ttiereof. be material for realising ttie invention In 
diverse fomis ttiereof. 



46 Claims 

1. A catalytic process for promoting an equiiibrium-iimited aromatic saturation reaction in a hydrocarbon 
oil containing aromatic hydrocarbons, said catalytic process being characterised by ttie steps: (1) contacting 
an upstteam portion of a catalyst bed containing a particulate catalyst witti said hydrocarbon oil under 

50 aromatic saturation conditions to produce a first product hydrocarbon containing less aromatic hydrocartxsns 
ttian said hydrocarbon oil: and (2) contacting a downstream portion of said catalyst bed witii said first 
product hydrocartx>n under aromatic saturation conditions to produce a second product hydrocarbon 
containing a lesser proportion of aromatic hydrocarbons tiian In said first product hydrocarbon, tiie 
temperature in step (2) being lower ttian tiiat in step (1) and sufficient to saturate a selected amount of 

65 aromatic hydrocarbons from said first product hydrocarbon such ttiat said second product hydrocarbon 
contains at least 25 percent less of said aromatic hydrocarbons than said hydrocarbon oil contacting said 
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catalvst in step (1). and said temperature in step (2) providing a relative reaction rate constait for ^d 
aSc sSon re^tion that is initialiy higt^er than the relative reaction rate constant for said aromatic 
saturation reaction provided by the temperature in step (1). ,o» „ -i^r 

Ta process according to claim 1. wherein said temperature of contacting .n step (2) .s at least 3 C 
5 {5»(=) lower than the temperature Of contacting in step <1). „x »^ :„ /9\ nrriire in the 

• 3. A process according to daim 1 or 2. wherein said contacting in step (1) and in step (2) occurs in the 

"TTp^Twrdlng to claim 1. 2 or 3. wherein quench gas contacts said downstream portion of said 

,0 ''TA'^rocess according to any one of c^ms 1 to 4. further comprising, in step (1) *e Jmulto^.« 
cracking of said hydrocarbon oil and, in step (2). the simultaneous cracking of said first praducl 

'''^n'Jlocess according to any one of claims 1 to 5. further comprising, in step (1). the simultaneous 
removal of sulfur from said hydrocarbon oil and. in step (2). the simultaneous removal of sulfur from said 

,e P^^"^y^°^- ^ , ^ 6. Wherein about 50 to about 95 volume percent of 

said cataSrst bed comprises said upstream portfon of said catalyst tod and. saJd ^'^'Jl 
aromatic hydrocarbons in said first product hydrocarbon that is saturated In step (2) is in ttie range from 
about 1 percent to about 30 percent of the aromatic hydrocarbons contained in said hydrocarbon oil. 
^ A^r^ss according to any one of claims 1 to 7. wherein at least about 60 volume perceirt of said 
catalyst bed comprises said upstream portion of said catalyst bed and the inlet arid outlet temperatures of 
S^ d^stream portion of said catalyst bed am lower than the inlet and outlet temperatures of said 
upstream portion of said catalyst bed. ^ , » ah 

9. A process for reducing the conteitt of aromatic hydrocarbon compounds In a M«farbon o^ 
containing sulfur and aromatic hydrocarbon compounds by catalyzing «" ^^^^^ 
saturation reaction, said process being characterised by successively contactiiig a first P^^^Jf^ 
with said hydrocarbon oil under aromatic saturation conditions in a first reacton zone to produce a first 
product hydrocarbon containing less aromatic hydrocarbon compounds than said 
Subsequently, contacting a second portton of said catalyst with said first product ►'V^^f ^''^ ''^"^J^'" 
said first reaction zone under aromatic saturation conditions in a second reactran zone to p~du<» a second 
product hydrocarbon containing at least about 25 percent less of saKl aromatK: hydrocarbon compounds 
tt.an contined in said hydrocarbon oil contacting said catalyst in said first reaction zone, said second 
reaction zone having a lower weighted average catalyst bed temperature than the weighted average cat^J 
bVd temperature of said first reaction zone, and said weighted average catalyst bed temperatore in said 
second reaction zone providing a relative reaction rate constant for said aromatic saturation reaction matK 
higher tiian the relative reaction rate constant for said aromatic saturation reaction provided by ttie weighted 
average catalyst bed temperature of said first reaction zone. 

. 15. A process according to claim 9. wherein sak) weighted average ^^^^^^^^'^'1^^^ 
second reaction zone is at least 3-C {5'F) lower than ttie weighted average catalyst bed temperature of 

'^iH^^^'rding to claim 9. wherein said weighted average catalyst bed temperatore in said 
second reaction zone is about 11-C {20-F) to about lirc {200-F) kwer than flie weighted average 
catalyst bed temperature of said first reacti'on zone. 

12. A process according to claim 9. 10 or 11. wherein said contacting m said first reaction zone and in 
said second reaction zone occurs hi til© presence of hydrogen. , 

13. A process according to any one of claims 9 to 12. wherein at lea^ abotrt 60 ^'^^^^^^'^JJ^^ 
total catalyst contained in botii said first and said second reaction zones is '^"^^J^'^J^ 
zone and the inlet and outiet temperatures of said second reaction zone are lower than tire inlet and outiet 
temoeratures of s^d first reaction zone. ^ ». _ «,„ 

14 A pnxess according to any one of claimsg to 13. further comprising, in said first reaction zone, ttie 
simultaneous cracking of said hydrocarbon oil and. In said second reaction zone, ttie simuttananeous 
cracking of said first product hydrocarbon obtained from said first reaction zone. 

15. A process according to any one of claims 9 to 14. further comprising, in ^^^J'^ ^^^^'^^^^ 
Simultaneous removal of sulfur from saki hydrocarbon oil and. In said s«~"<l *^ 
neous removal of sulftir from said first product hydrocarbon obtained from sa'Jj'^,;^^" f 'f 

16. A process according to any preceding daim. wheroin said hydrocarbon oil contains at least about 
50-volume percent of aromatic compounds. 



20 



2S 



30 



35 



50 



56 



8 



0 277 718 



17. A process according to any preceding claim, wherein said hydrocarbon oil is selected from whole 
crude oils, atmospheric gas oils, thermally cracked gas oils, decant oils, vacuum gas oils, catalytically 
cracked gas oils, creosote oil. coal-derived oils, shale oils, turbine fuels, solvent naphtha and diesei fuels. 

18. A multi-reaction zone process for saturating aromatic hydrocarbon compounds contained in a 
5 hydrpcarbon feedstock selected from coal-derived creosote oils, decant oils derived from oils processed in 

reactors containing fluid cracking catalysts and cracked cycle oils, said process being characterised by the 
steps: (1) contacting, in the presence of hydrogen, at least about 50 volume percent of a catalyst bed 
containing an aromatic saturation catalyst with said hydrocarbon feedstock under aromatic saturation 
conditions in a first reaction zone to promote saturation of said aromatic hydrocarbon compounds, said 

10 catalyst comprising at least one Group VIB metal hydrogenation component and at least one Group VIII 
metal hydrogenation component on a porous refractory oxide support containing alumina; and (2) contacting 
the remaining portion of said catalyst bed in a second reaction zone with tiie product hydrocarbon obtained 
from step (1) under aromatic saturation conditions including a weighted average catalyst bed temperature 
which is at least 1 1 ''C {20*F) lower than the weighted average catalyst bed temperature In said first reaction 

75 zone, the inlet and outlet temperatures of said second reaction zone being lower tiian tiie inlet and outiet 
temperatures of said first reaction zone, said weighted averse bed temperature In said second reaction 
zone providing a relative reaction rate constant for said satiffation reaction ttiat is initially higher than the 
- relative reaction rate constant for the saturation reaction-provided by said weighted average bed tempera- 
ture In said first reaction zone, and wherein the product hydrocarbon obtained from step (2) contains less 

20 than about 50 percent of said aromatic hydrocarbon compounds contained in said feedstock. 



30 



35 



40 



4S 



so 



55 



9 



0 277 718 




NOiivunivs soiivwouv dO aivu NOiiovau SAiiviau 



0 277 718 



e 




Noiivunivs soiivMOUv do aivu NOiiovaa aMiviau 



® 



J) 



EuropSlsches Patentamt 
European Patent Office 
Office europ6en des brevets 



0 Publication number: 



0 277 718 

A3 



® 



EUROPEAN PATENT APPLICATION 



@ Application number: 88300348.5 
@ Date of filing: 15.01.88 



@ IntCI^: CIO G 65/08 

C 10 G 65/10 



Priority: 02.02.87 US 9808 

Date of publication of application: 
10.08.88 Bulletin 88/32 

Designated Contracting States: 
AT DE ES FR GB rr NL 

Date of def en'ed publication of search report: 
26.07^ Bulletin 89/30 



@ Applicant: UNION OIL COMPANY OF CAUFORNIA 
1201 West Stit Street 
Los Angeles California 90017 (US) 

@ Inventor: Vauk, Dennis A. 
2205W. Carriage Drive 
Santa Ana California 92704 (US) 

Skripek, Milan 
811 Panorama 

FullertonCamomla 92631 (US) 

@ Representative: Jack, Bruce James etal 

FORRESTER & BOEHMERTWidanmayefStra8se4/l 
D-8000Munchen22 (DE) 



@ Catalyde aromatic saturation of hydrocarbona. 

@ In the catalytic processing of aromatic hydrocarbon 
impounds, a hydrocarbon oil is successively contacted at 
aromatic saturation condtttons with a catalyst In a first reaction 
zone and contacted at a lower temperature with a second 
portion of the catalyst In the same reactor or In multiple 
reactors. 



00 
CM 



Q. 

UJ 



Bundesdruckerei Beriin 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nnmber 



EP 88 30 0348 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X 
Y 
X 



X 
X 
Y 



dtatiM or docttment with btdieation, »hei« appropriate, 

of relevant passages 



GB-A-2 001 339 (SHELL) 
* Abstract; claims * 



FR-A-2 160 792 (ESSO) 

* Claims; page 20, lines 4-7; page 24 * 

BE-A- 645 484 (CHARBONNAGE DE FRANCE) 

* Abstract 1 * 



US-A-2 971 900 (WEEKMAN) 

* Claims * 

DE-A-1 932 030 (TEXACO) 

* Claims 1,6,7,8; example * 

FR-A-2 151 059 (LUMMUS) 

* Figure; claims 1,8 * 



Tbe present search report has beea drawn up for all daims 



Relevan 
to claim 



CLASSinCATION OF THE 
APPLICATION Oat a4j 



1-3,7- 

12 

4 

1-3,7- 
12 

1-3,7- 
12,16- 
18 

1-3,5- 
18 

1-3,5- 
18 



C 10 G 65/08 
C 10 G 65/10 



TEaiNICALFIELOS 
SEARCHED Oat a4) 



C 10 Q 



PISCB of ttSlth 

THE HAGUE 



Date of GorapleUon of (be search 

10-05-1989 



Examiner 

MICHIELS P. 



CATEGORY OF QTED DOCUMENTS 

X : particalariy relevant If taken alone 

Y ; panicalarly relevant if combined with another 

documeot of the same categoiy 
A : technological background 
O : Dnn-wrltten disclosure 
P : tniermediaie document 



T : theory or principle underlying tbe invention 
£ : earlier patent document, but pubilslted on, or 

after tbe filing date 
D : document dted in tbe application 
L : document cited for otiier reasons 



& I member of tbe same patent family, corresponding 

docnment 



Gg© Blank (uspto) 



